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Abstract 
In this paper, the pyrolysis gas chromatography (PyGC) has been used to test the pyrolysis performances of polypropylene sample without 
flame retardant and polypropylene samples added with different kind and content of brominated flame retardants. The experimental 
chromatograms have been analyzed with normalization method. The results show that, polypropylenes with different content of flame 
retardant have obviously different flame retardant properties. 
© 2014 The Authors. Published by Elsevier Ltd. Selection and peer-review under responsibility of the Academic Committee 
of ICPFFPE 2013. 
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Nomenclature 
PP polypropylene 
FRPP    flame retarded polypropylene
PyGC pyrolysis gas chromatography 
TG        thermogravimetric 
1. Introduction 
With the development of society and science and technology, people's requirements for flame retardant technology is 
increasing rapidly, researching methods and technologies of flame retardants in the world become more and more.  
At present, the brominated flame retardants are the organic flame retardant with largest output in the world [1]. the
advantages are: the amount of fire retardant required for materials is low, so the physical - mechanical properties and 
electrical properties of the substrate materials will not be worsened severely; Because the C - Br bond energy is low, most of 
the brominated flame retardants will decompose rapidly in the early period of combustion, which leads to a high 
concentration HBr in the gas phase and a high flame retardant efficiency. 
Polypropylene (PP) has excellent mechanical properties, excellent insulation, good corrosion resistance, and low density. 
But PP is a readily combustible material and the fire is not easy to go out, which affects the usage of PP. Therefore, the 
study of flame retardant PP is particularly important in [2]. 
Studies of Xu Jianhua found adding nano-layered double hydroxides (LDH) and ammonium polyphosphate (APP) to 
polyamide-6 (PA-6)/polypropylene (PP) blends can significantly increase the flame retardant effect [3]. Chemistry and 
Chemical Engineering Institute of Zhongshan University and Materials Science Research Institute studied the thermal 
stability of modified Mg(OH)2 - flame retarded PP, results show that the addition of Mg(OH)2 increases the initial 
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decomposition temperature of PP, decreases the decomposition rate and  improve  thermal stability [4]. At present, the 
halogen flame retardant is more efficient  [2]. 
Pyrolysis gas chromatography technique has high sensitivity, fast analysis speed, low cost, and can determine the type of 
polymer, composition and structure by pyrolysis gas chromatography, so it is widely used in polymer analysis, identification 
of criminal science, biomedical fields [5]. In our experiments, we use pyrolysis gas chromatography (PyGC) to study the 
flame retardant properties of polypropylene without flame retardant (PP) and polypropylene samples added with the 
brominated flame retardant.  
2. Experiments 
(1)Apparatus and materials  
TTAR3400CX gas chromatograph      ˄America Varian˅ 
CZ-100 computerized pyrojector   ˄Beijing Beifen Chromatographic Instrument Technology Company˅ 
GS-2010 chromatography data workstation ˄Beijing Jing ruiComputer Technology Co., Ltd.˅ 
SPB-3 automatic air source         ˄Beijing Zhong HuiInstrument Company˅ 
GCN1300 Nitrogen generator        ˄Beijing Zhong HuiInstrument Company˅ 
GCD-300 Hydrogen generator       ˄Beijing Zhong HuiInstrument Company˅ 
TGA/SDTA851e Thermogravimetry / differential thermal Synchronous analyzer˄Swiss Mettler Toledo Company˅ 
 Chromatographic conditions: 
Chromatographic column˖DB-35MS       quartz capillary column˖30m×025mm×0.25μm    
Stationary phase˖DB-35MS 
Injector temperature˖280ć                     detector temperature˖290ć 
Heating style˖ 60ć(stable time: 2min) ~ 290ć(stable time: 10min 0 
Heating rate˖8ćˋmin                            split ratio˖1ĩ5 
Column pressure˖10Pis (68.95kPa)          analysis time interval˖50min 
Pyrolysis conditions: 
Pyrolysis gas pool temperature˖ CS=250ć,      LP=0 
Pyrolysis temperature˖400ć-800ć˄an experiment/50ć or 100ć ˅ 
LE=1          S1=OFF          H1=10.00S 
Thermogravimetric (TG) conditions: 
Initial temperature: room temperature 25 ć   End temperature: 700ć         heating rate: 15ć /min  
Test atmosphere: nitrogen flow, flow rate:  40ml/min                                    sample weight: 5-10mg quality 
(2)Experiment samples 
Table 1. Experiment samples 
sample FRPP-A1 FRPP-A2 FRPP-A3 FRPP-A4 FRPP-B2 FRPP-B3 FRPP-B4 
number A1 A2 A3 A4 B2 B3 B4 
 
Illustration: FRPP-A1 is PP sample without flame retardantˈFRPP-A2ǃFRPP-A3ǃFRPP-A4ǃFRPP-B2ǃFRPP-
B3ǃFRPP-B4 are polypropylene samples added with brominated flame retardantsˈwith respective content of flame 
retardant 5%, 10% and 15%. 
(3)Experiment contents 
1)PyGC analysis of non- flame retardant polypropylene  
Put the non-flame retardant polypropylene sample (sample A1) into a cracker, continuously heat from 400ć to 800ć  (a 
record per 50ć or 100 ć), then obtain a series chromatograms respectively shown as Figure1, 2, 3, 4, 5, 6.  
Through comparison of the above six chromatograms, we can clearly see that when continuously heating, the peak 
number in Fig. 3 increases significantly, which proves non- flame retardant PP sample A1 begins to decompose at 500ć, 
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producing a large number of components.  The retention time of the main components producing below 550ć is from two 
to seven minutes. The retention times of most components are in thirty minutes. When the pyrolysis temperature rises to 
600ć, new components begin to produce of which retention time is between thirty to forty minutes;  if the pyrolysis 
temperature is larger than 650ć, there are no obvious characteristic peaks in the chromatograms. it means the pyrolysis 
temperature of non- flame retardant polypropylene ranges from 500ć to 600ć. 
At different temperature, the normalized values of a total area of peaks in five representative time intervals are shown in 
table 2 and Fig. 7, which can further illustrate the pyrolysis phenomenon of polypropylene at different temperatures. 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The chromatogram of sample A1 at 400ć.                                           Fig. 2. The chromatogram of sample A1 at 450ć. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.The chromatogram of sample A1 at 500ć.                                          Fig. 4. The chromatogram of sample A1 at 550ć. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. The chromatogram of sample A1 at 600ć.                                     Fig. 6. The chromatogram of sample A1 at 700ć. 
Table 2. The normalized value of Concentrations in five time intervals at different temperature 
 
400ć 450ć 500ć 550ć 600ć 700ć 
0-5min 
5-10min 
10-20min 
20-30min 
30-40min 
32.4735 
29.2182 
21.4991 
16.8092 
0 
60.2460 
9.0139 
18.3526 
12.3693 
0.4923 
68.7917 
4.8724 
17.2342 
9.1017 
0 
74.9582 
4.2551 
12.8272 
7.9593 
0 
59.3042 
16.7997 
5.1803 
0 
18.7158 
86.4441 
0 
1.1427 
1.6948 
10.7184 
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As seen, components with the retention time of 0-5min  is  the main group of the pyrolysis products of polypropylene, 
and are accounted for the majority of pyrolysis products at different temperatures. components with the retention time of 
more than 30min are basically formed above 600ć after cracking. The concentration variation of components in five time 
intervals at different temperature in Table 2 is shown in Fig.7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Concentrations of five time intervals at different temperature. 
2)Pyrolysis gas chromatography Analysis of flame retarded polypropylene under same temperature  
Analyze the chromatograms and data of various samples at 500ć.  
Chromatogram of Sample A1 is shown in Fig. 3. Sample A2, A3, A4, B2, B3, B4 are respectively analyzed by pyrolysis 
gas chromatography at the same pyrolysis temperature.     
The experimental results show that in the first 10 minutes, small molecule components of 6 samples cracking out are 
basically the same, but different of the amount. The component amount of A2 is the highest, A3 and B3 next, A4 and B4 
third, B2 the least. 
Ten minutes later, 6 samples are cracked out macromolecular components. Samples A2, A3 and B3 have the most 
amounts of pyrolysis components, A4 and B4 next, B2 the least. 
Through comparison and analysis of the chromatograms, we find that B2 has the best flame retardant properties among 
the seven samples.   
The data of the cracking components of each sample are normalized in two time intervals and listed Table 3. 
Table 3. The normalized value of total concentration of different sample in two time intervals 
 A1 A2 A3 A4 B2 B3 B4 
0-10min 
10-40min 
73.6641 
26.3359 
71.4405 
28.5595 
79.2633 
20.7367 
73.7514 
26.2486 
68.1747 
31.8253 
76.7028 
23.2972 
74.3017 
25.6983 
 
Table 3 shows different samples crack out different component at different time, which means different samples have 
different flame retardant properties. 
3)Comparison of PyGC with TG   
Analyze sample A1 and A2 with TG (thermogravimetry), then compare the results with those of PyGC. Fig. 8 is the TG 
curves of sample A1. 
As can be seen, A1 has maximum weight loss at 501.65ć, which proves A1 cracks out most components at this 
temperature. This phenomenon is consistent with the results of PyGC, which indicates that 500ć is the limit temperature of 
sample A1. 
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Fig. 8. TG curves of  sample A1. 
3. Conclutions  
Pyrolysis products of seven samples were separated and tested in this experiment Through analyzing and comparing the 
mass of chromatograms and data from the experiments, we found that the flame retardancy of polypropylene samples 
improved significantly by addition of brominated flame retardant, the flame retardancy of sample A4 is the best of A series 
samples, sample B2 is the best of B series. The flame retardancy of sample B2 is the best of all the seven samples. 
Through comparing the result of pyrolysis gas chromatography (PyGC) with that of thermogravimetric (TG) analysis, the 
accuracy and feasibility Of PyGC analysis were further proved.   
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